Analysis of Complete Genome Sequence and Study on Functional Gene of Thermococcus sp. 4557 Isolated From a Deep-Sea Hydrothermal Vent by 王兴娜
学校编码：10384                              分类号      密级        
学号：21720091152089                                    UDC        
 
 
硕  士  学  位  论  文 
                                         
深海嗜热古菌 Thermococcus sp. 4557 的全
基因组分析及其功能基因的初步研究 
Analysis of Complete Genome Sequence and Study on 
Functional Gene of Thermococcus sp. 4557 Isolated From a 




指导教师姓名：徐洵  教授 
专  业 名 称：生物化学与分子生物学 
论文提交日期：2012 年 06 月 
论文答辩时间：2012 年 07 月 
学位授予日期：2012 年   月 
  
答辩委员会主席：             
评    阅    人：              



















另外，该学位论文为（ ）课题（组）的研究成果，获得（  ）












































（  ）1.经厦门大学保密委员会审查核定的保密学位论文，于 年 
月 日解密，解密后适用上述授权。  



































3 嗜热酶的概况................................................. 12 
3.1 嗜热酶的定义和优势......................................12 
3.2 嗜热酶的开发应用........................................13 
4 热稳定DNA聚合酶的研究进展.................................... 14 
4.1 DNA 聚合酶的分类........................................14 















7 本论文的研究目的和意义 ...................................... 28 
第一章Thermococcus sp. 4557 的分离纯化与初步鉴定...................30 
1 引言 ........................................................ 30 
2 材料与方法 .................................................. 31 





















3.5 菌株 16S rDNA序列分析 ...................................38 
3.6 菌株 4557 和T. celericrescens TS2T的比较 .................40 
4 讨论与小结 .................................................. 41 
第二章 Thermococcus sp. 4557 的全基因组测序与初步分析 ........43 
1 引言......................................................... 43 
2 材料与方法 .................................................. 43 
2.1 实验材料................................................43 
2.2 实验方法................................................45 









4 小结与讨论................................................... 57 
5 展望 ........................................................ 59 
第三章 T4557 DNA 聚合酶的重组表达和酶学性质分析....................60 
1 引言 ........................................................ 60 
2 材料与方法 .................................................. 61 
2.1 实验材料................................................61 
2.2 实验方法................................................62 
3 结果与分析 .................................................. 67 
3.1 DNA聚合酶基因序列分析...................................67 
3.2 重组质粒pET22b(+)-polB的构建............................70 






3.9 不同Family B DNA聚合酶的性质比较........................76 
4 小结与讨论 .................................................. 77 















第四章 T4557 环糊精葡萄糖基转移酶的克隆表达 .............................79 
1 引言 ........................................................ 79 
2 材料与方法 .................................................. 79 
2.1 实验材料................................................79 
2.2 实验方法................................................80 




4 小结与讨论................................................... 88 






















Chinese abstract ..................................................... 错误！未定义书签。 
English abstract...................................................... 错误！未定义书签。 
Indroduction........................................................... 错误！未定义书签。 
1 Overview of the deep-sea hydrothermal vent .. 错误！未定义书签。 
1.1 Geographical distribution of the deep-sea hydrothermal vent错误！未定
义书签。 
1.2 Environmental conditon of the deep-sea hydrothermal vent错误！未定义
书签。 
1.3 Community of the deep-sea hydrothermal vent.......错误！未定义书签。 
2 Overview of hyperthermophilic archaeon ...... 错误！未定义书签。 
2.1 Archaeon ..................................................................错误！未定义书签。 
2.2 Hyperthermophiles...................................................错误！未定义书签。 
2.3 Application of hyperthermophiles ...........................错误！未定义书签。 
3 Overview of thermophilic enzymes ............ 错误！未定义书签。 
3.1 Definition and advantages of thermophilic enzymes错误！未定义书签。 
3.2 Application of thermophilic enzymes......................错误！未定义书签。 
4 Progress in the study of thermostable DNA polymerases错误！未定
义书签。 
4.1 Classification of DNA polymerases.........................错误！未定义书签。 
4.2 The structures of DNA polymerases........................错误！未定义书签。 
4.3 Catalytic properties ..................................................错误！未定义书签。 
4.4 Properties essential for DNA amplification and sequencing错误！未定义
书签。 
4.5 Research status of thermostable DNA polymerases错误！未定义书签。 
5 Overview of cylcodextrin glucanotransferase . 错误！未定义书签。 
5.1 Cyclodextrins ...........................................................错误！未定义书签。 
5.2 Application of cyclodextrins....................................错误！未定义书签。 
5.3 Cylcodextrin glucanotransferases ............................错误！未定义书签。 
5.4 The CGTase-catalyzes reaction ...............................错误！未定义书签。 
5.5 Progress in the study of CGTases ............................错误！未定义书签。 
6 Progress in the study of microbial genomics . 错误！未定义书签。 
6.1 Summary of the techniques for genome sequencing错误！未定义书签。 
6.2 Softwares and web sites for genome research .........错误！未定义书签。 
6.3 Genomics study of of microorganism......................错误！未定义书签。 
6.4 Genomics study of marine microbe .........................错误！未定义书签。 
7 The purpose and significance of this study .. 错误！未定义书签。 















1 Introduction ................................................ 30 
2 Materials and methods ....................................... 31 
2.1 Materials ..................................................................................................31 
2.2 Methods....................................................................................................32 
3 Results and analysis ........................................ 35 
3.1 Enrichment of sample ............................................................................35 
3.2 Morphological characteristics of strain 4557...........................................35 
3.3 Growth characteristics of strain 4557 ......................................................36 
3.4 Analysis of 16S rDNA sequence ............................................................36 
3.6 The comparison of strain 4557and T. celericrescens TS2T错误！未定义书
签。40 
4 Summary and discussion ...................................... 41 
Part  Complete genome sequence and anlysis of Ⅱ Thermococcus sp. 
4557...........................................................................................................43 
1 Introduction ................................................ 43 
2 Materials and methods ....................................... 43 
2.1 Materials ..................................................................................................43 
2.2 Methods....................................................................................................45 
3 Results and analysis ........................................ 47 
3.1 Preparation of genomic DNA ..................................................................47 
3.2 Sequencing and assembly ........................................................................48 
3.3 The genome feature..................................................................................48 
3.4 The comparative analyses of genomes ....................................................50 
3.5 Basical metabolism ................................................................................50 
3.6 Sulfur metabolism....................................................................................53 
3.7 Cold adaptation ........................................................................................54 
3.8 Transport systems.....................................................................................54 
4 Summary and discussion ...................................... 57 
5 Perspectives ................................................ 59 
Part  Expression and characterization Ⅲ T4557 DNA polymerase ..60 
1 Introduction ................................................ 60 
2 Materials and methods ....................................... 61 
2.1 Materials ..................................................................................................61 
2.2 Methods....................................................................................................62 
3 Results and analysis ........................................ 67 
3.1 Sequence analysis ....................................................................................67 
3.2 Construction of plasmi pET22b(+)-polB.................................................70 
3.3 Expression and purification of T4557 DNA polymerase.........................70 
3.4 Thermostability analysis ..........................................................................71 
3.5 Exonuclease activity analysis ..................................................................72 















3.7 Optimization of the PCR conditions ........................................................74 
3.8 Long-range PCR ......................................................................................75 
3.9 The comparison of different Family B DNA polymerases ......................76 
4 Summary and discussion ...................................... 77 
5 Perspectives ................................................ 78 
Part  Clone and expression of Ⅳ T4557 CGTase. 错误！未定义书签。 
1 Introduction ................................ 错误！未定义书签。 
2 Materials and methods ....................... 错误！未定义书签。 
2.1 Materials ..................................................................................................79 
2.2 Methods....................................................................................................80 
3 Summary and discussion ...................................... 82 
3.1 Sequence analysis ....................................................................................82 
3.2 Construction of plasmid pPIC9K-cgt-His andscreening for positive 
transformants........................................................................................86 
3.3 SDS-PAGE and starch-degrading activity analysis .................................86 
4 Summary and discussion ...................................... 88 
5 Perspectives ................................................ 89 
Reference..................................................................................................90 
Appendix A ............................................................................................102 
Appendix B ............................................................. 错误！未定义书签。 
Appendix C............................................................. 错误！未定义书签。 























50℃～83℃， 适生长温度 80℃；生长 pH 范围为 5.0～8.3， 适生长 pH 为 6.5。
根据 16S rDNA 序列分析，该菌株的 近缘菌株为 Thermococcus celericrescens 
TS2T DSM 17994，相似性高达 99.584%。初步鉴定该菌株为 Thermococcus sp. 
4557。 
为了深入了解 Thermococcus sp. 4557 的分子特征，我们利用 Solexa 测序技
术对该菌株进行了全基因组测序以及基因预测与注释。测序结果表明，该菌株的
基因组由一个环状染色体构成，总长 2.01 Mb，不含质粒，GC%含量为 56.08%，
共预测有 2,194 个基因，其中有 2,144 个基因编码蛋白，还有 5 个 rRNA 基因和
45 个 tRNA 基因。比较基因组分析发现其 85%的基因所编码的蛋白与其他
Thermococcus 菌株的蛋白为直系同源蛋白，另外其还编码有 308 个特有蛋白，但
大部分为功能未知的蛋白。此外，通过全基因组信息分析，我们发现该菌株保持
了绝大部分 Thermococcus 属的的基本代谢特点和环境适应性机制。对
Thermococcus sp. 4557 全基因组的测序与分析将为 Thermococcus 属的基因组研
究提供更多的信息，同时，也将为后续嗜热酶的研究提供良好的基因资源。 
来源于超嗜热古菌的 Family B DNA 聚合酶由于其显著的热稳定性和 3’→5’
外切酶的校对保真性以及以单体形式行使功能而成为一种热门的 DNA 聚合酶
酶。Thermococcus sp. 4557 的基因组中编码一个 Family B DNA 聚合酶（T4557 
DNA 聚合酶），其氨基酸序列与 Thermococcus sp. 9oN-7 DNA 聚合酶 (D12983)
的相似性 高，达 93%。文献报道，不同 Family B DNA 聚合酶的酶学性质存在
















但 PCR 扩增的保真性较低，仅为 Taq DNA 聚合酶的 1.16 倍；在 佳的 PCR 反
应缓冲液条件下该酶可扩增到长达 8 kb 的 DNA 片段，具有扩增长片段的应用潜
力。对该酶的研究将为 Family B DNA 聚合酶的研究提供更多的信息。 
环糊精葡萄糖基转移酶(cylcodextrin glucanotransferase，CGTase)是利用淀粉
生产环糊精的重要工业酶，由于工业生产环糊精的过程需要在高温下进行，因此，
寻找耐热 CGTase，并构建合适的异源表达系统实现 CGTase 的高效表达是
CGTase 研究中的主要目标之一。我们在 Thermococcus sp. 4557 的基因组中发现
一个含 N 端信号肽的 CGTase 基因(T4557 CGTase)，与其氨基酸序列相似性 高


























Hyperthermophiles inhabiting deep-sea hydrothermal vents grow under high 
temperature, high pressure and no oxygen, which endow them with specific adaptive 
mechanisms and bioactive molecules. Thereby, hyperthermophiles have been 
considered a valuable source of novel genes. Study and research of these 
hyperthermophiles will have great potential application in industry, medicine and 
environment protection. 
In this investigation, we isolated a hyperthermophilic anaerobic archaeon strain 
4557 from the deep-sea hydrothermal vent in Guaymas Basin. The cells were cocci 
and in pairs, 1～1.2 μm in diameter. The strain can grow at 50°C～83°C (80°C 
optimum) and at pH 5.0～8.3 (6.5 optimum). Phylogenetic analysis based on 16S 
rDNA sequences showed that the strain was most closely related to Thermococcus 
celericrescens TS2T, with a similarity of 99.584%. It is identified as Thermococcus sp. 
4557. 
In order to understand the molecular characteristics of Thermococcus sp. 4557, 
the genome sequence of strain 4557 was determined with a strategy of Solexa 
paired-end sequencing technology, and protein-coding sequences were predicted and 
annotated by the NCBI PGAAP server. The complete genome consists of a single 
circular chromosome of 2.01 Mb with a G+C content of 56.08%. The chromosome 
was predicted to contain 2,194 ORFs and 2,144 protein-coding sequences. Also, 5 
rRNA genes and 45 tRNA genes were detected. The comparative analysis of genomes 
showed that about 85% of strain 4557 proteins showed similarity to those of 
sequenced genomes of the genus Thermococcus. Three hundreds and eight proteins 
were unique in Thermococcus sp. 4557, but many of them encode proteins with 
unknown function. The analyses of the complete genome sequence showed that the 
strain 4557 keeps most general metabolic features and environmental adaptive 















genome sequence of Thermococcus sp. 4557 will supply the genomics study of the 
genus Thermococcus with more useful information. And the enzymes with great 
potential applications are candidate genes for our further study on thermostable 
enzymes. 
 Family B DNA polymerases from hyperthermophilic archaea have attracted 
considerable interest due to their remarkable thermal stability, their proofreading 3’→
5’ exonuclease activity and their monomeric nature making them relatively easy to 
produce. Thermococcus sp. 4557 encodes a family B DNA polymerase (T4557 DNA 
polymerase). The amino sequence of T4557 DNA polymerase was most closely 
related to Thermococcus sp. 9oN-7 DNA polymerase, with a similarity of 93%. It was 
reported that in contrast to their sequences high similarities, different family B DNA 
polymerases showed important variations in their properties, even within the same 
genus. Consequently, we cloned and overexpressed the recombinant T4557 DNA 
polymerase in Escherichia coli and purified it for biochemical analysis. The 
recombinant T4557 DNA polymerase possessed a moderate thermostability and 
3’→5’exonuclease activity, but had poor fidelity compared to those of other famlily B 
DNA polymerases, with a 1.16 times higher fidelity than Taq DNA polymerase. And 
the enzyme was able to amplify, under the optimal PCR reaction buffer, up to 8kb 
DNA fragments, which maked it a potential candidate for amplification of long DNA 
fragments. 
Cyclodextrin glucanotransferases (CGTases) are industrial important enzymes 
that produce cyclodextrins from starch under high temperature condition. So an 
important goal of the CGTases study is to search thermostable CGTases and 
overexpress them in suitable hosts systems efficiently. Thermococcus sp. 4557 
encodes a CGTase with an N-terminal signal peptide (T4557 CGTase). The amino 
sequence of T4557 CGTase was most closely related to Thermococcus Kodakaraensis 
Kod1 CGTase, with a similarity of 70%. First we tried to express the recombinant 
T4557 CGTase in eight various Escherichia coli strains, but only one strain could 
produce recombinant T4557 CGTase in an insoluble form. So we used the Pichia 















recombinant T4557 CGTase with starch-degading activity in Pichia pastoris, which 
was secreted into the extracellular fermention medium. Further study will be taken to 
optimize its ability of catalyzation and illustrate the structure-function relationship of 
T4557 CGTase. At present few references about CGTases from hyperthermophilic 
archaeon was reported. The study of this enzyme will help us discover the 
catalyzation mechanisms and structure characterics of hyperthermophilic archaeon 
CGTases, and will supply cyclodextrins industry with better performance 
thermostable CGTase. 
 
Key words: hyperthermophilic archaeon; complete genome sequence; DNA 



















深海的概念通常指 1000 米以下的海洋，占到海洋总面积的 3/4，而其中深海
沉积物覆盖了地球表层的 50%以上。高压、缺氧、黑暗及寡营养水平的深海极端















































（1）高压：由于地球引力的作用，在海洋中深度每下降 10 m，压力就增加 1个
大气压。因此在 5000 m 的深海，压力可达到 500 个大气压。 
（2）温度变化大：在海底热液喷口及附近，温度高达 100～400 ℃，离喷口不
远处水温为 60～110 ℃，再远的地方温度为 20～110 ℃，而深海其它地方的温
度一般始终保持在 3℃±1℃范围内。 
（3）寡营养：由于太阳光只能到达水深 300 m 处，因此光合作用也只能在 300 m
以上的海水中进行。据估计，海洋中光合作用产生的有机物有 95％在水深 300 m
以上被消耗，在深度 300～1200 m 的海域内，4％的有机物被分解掉，只有 1％
的光合作用产物可达 1200 m 以下的深海和海底。 
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